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METRIC CONVERSION:-FACTORS

The core was measured in feet, and U.S. customary units are used throughout
this report. To -convert to metric units, use the table below.

Multiply by to obtain

miles 1.609 kilometers

feet .3048 meters

inches 25.4 millimeters
SEA LEVEL

In this report, “sea level” refers to the National Geodetic Vertical- Datum of
1929 —a geodetic datum derived from a general adjustment of the first-order level
nets of both the United States and Canada.



STRATIGRAPHY OF THE TERTIARY SEDIMENTS IN A 945-FOOT-DEEP
COREHOLE NEAR MAYS LANDING IN THE SOUTHEASTERN
NEW JERSEY COASTAL PLAIN

By JAMES P. OWENS," LAUREL M. BYBELL,' GARY PAULACHOK,” THOMAS A. AGER,’
VIRGINIA M. GONZALEZ,' and PETER J. SUGARMAN®

ABSTRACT

As:part of a joint U.S. Geological Survey-New  Jersey Geological
-Survey praject, the ACG8-4 corehole was eored to a.depth of 945 .t in
the southern New Jersey Coastal Plain near Mays Landing in Atlantic
County. The hole, which penetrated both -lower and upper Tertiary
sediments, contains seven ‘recognizable formations: the Manasquan
PFormation (early Eocene, calcareous nannofossil Zones NP 12-NP 14),
Shark River Formation (middle-and late Eoeene, Zones-NP 14-NP 18),
ACGS Alpha unit (late Eoeene and early Oligocene, Zones NP 18-NP
21);Mays Landing unit (early Oligocene, Zone NP 21), ACGS Beta unit
(probable late Oligocene), Kirkwood Formation (early to-early middle
“Miocene), and Cohansey Sand (probable middie Miocene).

The section .from the early Eocene (Zone NP.12) through the early
Oligocene (Zone' NP 21) is nearly eomplete at this locality; in fact, it is
one of 'the most complete sections through this part of the geologic
column:found anywhere to date in the U.S. Atlantic Coastal Plain. The
‘presence of upper Eocene and lower Oligocene sediments in the New
Jersey Coastal Plain was heretofore unknown. Thus, informal names
are:used for some units.

All-the Paleogene formations recovered in the core were deposited in
a shelf envirenment and:are cyclic in character. Each reflects deeper
‘water deposition in -its lower part and centains shallower water
sediments in its upper part. All the formations are separated by
-unconformities.

The Kirkwood Formation, which overlies the ACGS Beta unit
unconformably, is the thickest unit in the hole. This unit ranges in age

“from early Miocene (early Burdigalian) to perhaps early middle
Miocene’(Langhian). The late Miocene (Tortonian) age proposed for the
Kirkwood in:the southern New Jersey Coastal Plain by some was not
substantiated in this hole or in the array of holes surrounding it.
‘Diatoms obtained :from the upper Kirkwood indicate that this part of
the_unit is:correlative with the lower Calvert Formation of the
Chesapeake Group in Virginia, Delaware;and Maryland. The lower
part of the Kirkwood is older than-any unit known from the Chesapeake
Group to-the south; suggesting that what is now New Jersey was the
earliest area of downwarping in the northern U.S. Atlantic Coastal
Plain during Mioeene time. The Kirkwood -is largely a -marine deltaic
unit eonsisting of interbedded shallow shelfand prodelta deposits.

‘Manuscript approved for publication, February 10, 1988.
1U.S. Geological Survey, Reston, VA 22092.

2U.8S. Geological Survey, Dover, DE19901.

3New Jersey Geological Survey, Trenton, NJ 08625.

The:preeise relationship of the Kirkwood to the overlying Ccohansey
Sand was not determined in this-corehole, largely because of poor
recovery of the very loose sandy Cohansey near the contact and the
laek of fossil-invertebrates within the Cohansey. Pollen collected from
both the Kirkwood and Cohansey suggests that the two units are:close
in age. These pollen assemblages indicate that the Cohansey is middle

. Miocene (Serravallian). Therefore, we do not.aceept the Pliocene age

for the Cohansey shown in the “Atlantic Coastal: Plain .Correlation
Chart” (American Association of Petroleum--Geologists, 1983). The
Cohansey in this eorehole is largely a marginal marine sand interbed-
ded with-thick,.dark, carbenaceous beds indicating some .deltaic-(non-
marine) influence.

After deposition ofithe Cohansey, the New. Jersey Coastal Plain
emerged. The sea has not:invaded the central Coastal Plain uplands
since Cohansey time.

"INTRODUCGTION

Neogene deposits of the southern New Jersey Coastal
Plain have traditionally been divided into the Kirkwood
Formation (older)-and the Cohansey Sand (Lewis and
Kiimmel, 1912). The Cohansey is generally. very sandy
and typically is coarser grained than the. Kirkwood
(Minard and Owens, 1963). The Kirkwood consists of
thick clayey and silty beds at the surface, as'well as in the
shallow subsurface (Isphording,. 1970). -Although these

“units ‘are widespread (fig. 1), their: precise: lithologies,
. ages, and paleoenvironments are poorty known.

The Kirkwood Formation in the southwestern part of
the State yielded a.macrofaunal assemblage to which
Richards:and Harbison (1942) assigned:a middle Miocene

.age. Mélillo and Odsson (3981) subsequently: indicated

that, in -its -dewndip area, the upper:Kirkwood was as
young as late.Miocene. It has commonly beerr thought
that this. formation was- deposited -during a long time
(~19 m.y.), and.on that basis, the American-Association
of Petroleum Geologists (AAPG, 1983) proposed that the
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Ficure 1.—Location of the ACGS—4 corehole in the southern New
Jersey Coastal Plain. Hole is 3.7 mi northwest of Mays Landing,
N.J., at the Atlantic County Girl Scout Council Camp 4 on the banks
overlooking the Great Egg Harbor River.

downdip Kirkwood be divided into two units, one early
Miocene and the other late Miocene in age. The younger
unit was presumed to have been deposited after a long
hiatus encompassing the middle Miocene.

The age of the Cohansey Sand has been even more
enigmatic than that of the Kirkwood. The Cohansey has
been assigned ages ranging from middle Miocene (Owens
and Minard, 1979) to late Miocene—early Pliocene
(AAPG, 1983). The scarcity of fossil invertebrates has
precluded precise dating of the Cohansey. Greller and
Rachele (1983), in a study of the microflora (palyno-
morphs), favored a middle Miocene age for a peat bed
(termed the “Legler lignite”) in the Cohansey. They,
thus, revised Rachele’s 1976 proposal of a Pliocene age.

The Kirkwood and Cohansey lie at the northern end of
a large late Tertiary basin. More thoroughly studied

sediments that were deposited farther south in the same
basin make up the Chesapeake Group (fig. 2) in Dela-
ware, Maryland, and Virginia. Gibson (1983) considered
the Kirkwood to be equivalent to most of the Miocene
formations in the Chesapeake Group, including the
Eastover Formation, and the Cohansey to be equivalent
to the Pliocene Yorktown Formation. In the AAPG
(1983) chart, on the other hand, the Kirkwood was
equated with the Calvert and Eastover Formations, but
not with the Choptank and St. Marys Formations, and
the Cohansey was again correlated with the Yorktown.

The Paleogene units that crop out in New Jersey
include the Hornerstown Sand and Vincentown Forma-
tion of Paleocene age and the Manasquan Formation of
early Eocene age (Lewis and Kiimmel, 1912). In addi-
tion, a middle and upper Eocene unit, the Shark River
Formation, has been reported in the northern New
Jersey Coastal Plain, but its areal distribution is poorly
known (Enright, 1969). Olsson and others (1980)
reported the presence of lower and middle Eocene units
in New Jersey, as well as an upper Oligocene unit (their
Piney Point Formation).

The Paleogene beds exposed in outcrops in New
Jersey are largely shelf deposits, and these marine units,
along with those of Late Cretaceous age, represent cyclic
deposition (Owens and Sohl, 1969; Owens and Gohn,
1985). A typical New Jersey sedimentary cycle has a
basal transgressive bed (commonly a glauconite sand), a
middle regressive clayey or silty unit, and an upper
regressive quartz sandy unit. These cycles are inter-
preted to represent a transition from deep to shallowing
conditions; hence, they can be used to interpret basin
responses to tectonic crustal movements or eustatic
sea-level changes.

In an effort to obtain lithologic and age data on
Paleogene and Neogene units in southeastern New Jer-
sey, the ACGS—4 hole was cored to 945 ft near Mays
Landing, N.J. (fig. 1). The designation “ACGS—4” is
derived from the Atlantic County Girl Scout Council
Camp 4, where the corehole was drilled between October
1 and November 15, 1984. This site was selected because
detailed geologic and hydrologic information had never
been collected from the area and because the upper
Tertiary units were expected to be thicker and less
weathered there than in the updip sections to the north-
east. We planned to compare data from the ACGS—4 hole
with data from elsewhere in New Jersey and with data
on the better studied formations of the Chesapeake
Group (fig. 2) to the south in Delaware, Maryland, and
Virginia. A prime objective in drilling this hole was to
define the Kirkwood Formation. Also, we hoped to date
and describe all units in the core, to resolve inconsistent
correlations, and to determine if cyclic sedimentation
could be recognized in the Paleogene units.
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basin extending from what is now northern New Jersey
to Virginia during the middle Eocene.

Some investigators have used the name “Piney Point”
for coarse-grained subsurface sediments of the northern
U.S. Atlantic Coastal Plain that are similar to the Piney
Point Formation of Virginia; for example, Olsson and
others (1980) used it for subsurface sediments in New
Jersey. As discussed below in the “Formation Name and
Distribution” section for the ACGS Beta unit, these
sediments are late Oligocene in age, not middie Eocene,
and the use of the name “Piney Point” for these sedi-
ments is not tenable and should be discontinued.

ACGS ALPHA UNIT

Upper Eocene and lower Oligocene sediments in the
ACGS—4 corehole between 761 and 615 ft are bounded by
unconformities. Core recovery was 97 percent in this
interval. In this report, these sediments are informally
called the ACGS Alpha unit because no other unit of this
age has been reported in the Raritan embayment.

The ACGS Alpha unit, which unconformably overlies
the Shark River Formation, is 146 ft thick and is divisible
into three subunits separated by disconformities (see
appendix). The regional extent of these disconformities is
unknown at this time. The lowest subunit, A, occurs
from 761 to 735 ft; the middle subunit, B, from 735 to 695
ft; and the uppermost and thickest subunit, C, from 695
to 615 ft.

Subunit A, which is approximately 26 ft thick, overlies
the Shark River along a sharp contact. The basal beds
are a brownish-gray, silty clay. This subunit is very
fossiliferous and has abundant, small shells in the lower
5 ft; it then grades upward into a fine, glauconite sand,
which is extensively burrowed and has scattered, worn,
calcareous shells. At 748 ft, the subunit is generally a
medium to coarse glauconite sand containing abundant
broken shells. From 745 to 735 ft, the subunit consists of
interbedded, medium to coarse glauconite sand contain-
ing scattered pebbles and clayey, fine to medium glauco-
nite sand. Glauconite occurs in moderately sized burrows
in this interval (fig. 9A).

Subunit B disconformably overlies subunit A along a
sharp contact and is approximately 40 ft thick. The basal
10 ft of this subunit are an olive-black, clayey silt
interbedded with slightly to moderately glauconitic, fine
sand. Small shells are scattered throughout this interval
(fig. 9B). The overlying 10 ft are mainly a silty fine sand,
which is intensely burrowed. Between 719 and 717 ft, the
sand consists of medium to coarse quartz and glauconite.
The upper 20 ft are mainly fine to medium glauconite
quartz sand containing interbeds of nonglauconitic silt.
Moderately sized macrofossils are scattered throughout
this interval.

Subunit C, which disconformably overlies subunit B, is
80 ft thick. The lower 60 ft (695-635 ft) of this subunit are
a brownish-black, laminated, very clayey silt (fig. 90C).
The lower 40 ft have small, thin-walled macrofossils
scattered throughout and have small pieces of wood at
some levels. The upper 20 ft (635-615 ft) are a massive to
laminated, micaceous, fine sand (fig. 9D). Small, thin-
walled shells are scattered throughout this interval also.

PETROLOGY

The non-opaque heavy minerals in the sand fraction of
a sample from subunit B of the ACGS Alpha unit are
mostly epidote, garnet, kyanite, and zircon (table 1). In
the opaque-heavy-mineral fraction, ilmenite is very
abundant. The light-mineral fraction is somewhat feld-
spathic, and subunit B is a subarkose (Pettijohn, 1975).

X-ray diffraction studies (fig. 7) indicate that illite-
smectite and kaolinite are the major clay minerals; illite
is present in only minor amounts in samples from both
subunits A and C. The presence of large amounts of
kaolinite distinguishes the ACGS Alpha from the under-
lying Manasquan and Shark River Formations.

ENVIRONMENT OF DEPOSITION

Subunits A, B, and C of the ACGS Alpha unit are
separated by disconformities, and each of the three
subunits has the same textural distribution; the lower
beds are finer grained than the upper beds. The lower,
finer grained beds are considered to be the deeper water
(transgressive) phase, and the coarser grained beds
represent the shallower water (regressive) phase. These
deposits are, therefore, asymmetrically cyclic.

The clay minerals are dominated by kaolinite and
support a relatively nearshore depositional site for the
subunits in the ACGS Alpha. The presence of fine gravel
and wood and the abundance of mica plates in the ACGS
Alpha as a whole all indicate that the ACGS Alpha was
deposited somewhat nearer the shoreline than the under-
lying Shark River Formation. Nonetheless, all the sub-
units of the ACGS Alpha unit are shelf deposits, and
their lithologic characteristics suggest that they repre-
sent middle shelf deposition at its deepest and inner shelf
deposition at its shallowest.

AGE

Calcareous nannofossils in the ACGS—4 core from 761
to 615 ft indicate that the ACGS Alpha unit includes the
upper part of Zone NP 18, Zone NP 19/20, and the lower
part of Zone NP 21 of Martini (1971). Zone NP 18 and
Zone NP 19/20 define a late Eocene age, and Zone NP
21 straddles the Eocene-Oligocene boundary. The pres-
ence of Chiasmolithus oamaruensis and the absence of
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underlying assemblage zone. The relative abundance of
Fagus pollen suggests an interval of time during which at
least local forests contained a great abundance of beech
trees. Fagus is a common element of several forest types
in eastern North America, but it is usually a minor
component of modern pollen assemblages (Delcourt and
Delcourt, 1984). Modern forests of New Jersey have
been greatly disturbed by human activity. Only a few
stands in which Fagus and Quercus are dominant occur
in several limited areas within the Inner Coastal Plain
(Robichaud and Buell, 1973). Additional cores from the
Kirkwood Formation will have to be examined in order to
determine whether or not the Fagus-Quercus assem-
blage zone observed in the ACGS— core has more than
local significance. Previous palynological research on the
Kirkwood (Goldstein, 1974) found no evidence of a
Fagus-Quercus-rich zone in other areas of New Jersey.
The upper pollen assemblage zone of the Kirkwood
Formation (200-162 ft) contains Quercus, Carya, Pinus,
Fagus, Ulmus, Pterocarya, Tilia, Liquidambar, Ilex,
Betula, Alnus, Podocarpus, Sapotaceae, and rare rep-
resentatives of herbaceous taxa including Gramineae
(Poaceae), Cyperaceae, Compositae (Asteraceae), and
Chenopodiaceae-Amaranthaceae type. Kirkwood sam-
ples from some New Jersey localities reported by Gold-
stein (1974) contained relatively abundant herb pollen,
apparently reflecting relatively open vegetation.

ForMATION NAME AND DISTRIBUTION

The Kirkwood Formation was first named by G.N.
Knapp (1904, p. 81-82). It is recognized only in New
Jersey. Because of poor exposures, the definition and age
determinations of this unit were derived largely from the
subsurface. The definition of the Kirkwood has been
revised many times since 1904. Several investigators
presented age correlations of the Kirkwood with the
better exposed and studied Chesapeake Group to the
south in Maryland, Delaware, and Virginia, but as shown
in figure 13A, a great degree of uncertainty about the
age still existed as late as 1983. Our correlation of the
Kirkwood and other Tertiary units with formations to
the south is shown in figure 13B. In our interpretation,
the Kirkwood contains the oldest beds of a large Neogene
basin that extended from what is now New Jersey to
Virginia. The only correlation the Kirkwood has with the
Chesapeake Group is that the upper Kirkwood is the
same age as the lower Calvert Formation.

Figure 1 shows the inland limit of the Kirkwood
Formation and Cohansey Sand; near this limit, these
formations appear in outcrop. As mentioned above,
Isphording (1970) recognized three members in outcrops
of the Kirkwood; these members are not distinguishable
downdip of the outcrops in several wells including the

ACGSH corehole. The Alloway Clay Member and Gren-
loch Sand Member of the Kirkwood are lithofacies of
major extent, whereas the Asbury Park Member is a
minor facies found only in the northeastern end of the
Kirkwood outcrop belt.

Minard and Owens (1963) mapped the Kirkwood in
detail near Trenton, N.J., in a part of Isphording’s (1970)
study area. They noted that the Kirkwood is primarily a
light-colored sand (here the Grenloch Sand Member) in
most of the area, but that eastward, or downdip, the
light-colored sand overlies a black, clayey silt (Isphord-
ing’s Alloway Clay Member?). Continuing eastward into
the subsurface, the light-colored sand disappears, and
the Kirkwood is mainly a dark-colored clayey silt to the
coast.

COHANSEY SAND

The Kirkwood Formation is overlain in the ACGS—4
corehole by the Cohansey Sand. The nature of the
contact between the two units could not be determined in
this corehole because of the poor core recovery for the
Cohansey. To compensate in part for this core loss, a
split-spoon hole was driven adjacent to the main corehole
to a depth of 121 ft. The Cohansey, however, is approx-
imately 162 ft thick at Mays Landing. The lithology of the
lower 41 ft is known only from cuttings and a few short
cores. Approximately 139 ft (85 percent) of the formation
were recovered in the two holes bored into this unit
(fig. 5).

The Cohansey is dominantly a loose sand, which from
136 to 79 ft contains beds of dark-gray to gray-brown,
carbonaceous sand and silty sand. The overall sandy
nature of the unit can be seen in the gamma-ray log of the
main corehole (fig. 5) and is described in the appendix.

The Cohansey near Mays Landing is dominantly a
medium sand, but it varies considerably, ranging from
very fine sand to gravelly, coarse sand. The sand is
typically crossbedded, although some massive intervals
are present. Flaser bedding is common in the massive
beds, and the crossbeds are extensively burrowed. In a
few beds, dark-colored heavy minerals are abundant.

PETROLOGY

The Cohansey Sand is dominantly a quartz sand,
although very small amounts of feldspar and even less
common rock fragments are locally present (table 1).
Some beds of the Cohansey are, therefore, orthoquartz-
ites or quartz arenites (Pettijohn, 1975).

Suites of non-opaque heavy minerals in the Cohansey
have high concentrations of zircon, tourmaline, and
rutile; zircon is typically dominant. Staurolite, silliman-
ite, and kyanite are also major constituents in this unit,
and staurolite and sillimanite occur in nearly equal
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FORMATIONS
MARYLAND,
EPOCH AGE VIRGINIA, SOLMAETA NEW JERSEY
AND DELAWARE
Omar Cape May
PLEISTOCENE Columbia Pensauken
Beaverdam Bridgeton
Piacenzian Chowan Beacon Hill
PLIOCENE ?
Zanclean Yorktown 2
’ Cohansey
Messinian Pocomoke Aquifer
?
Tortonian Eastover Manokin Aquifer Kirkwood
St. Marys ?
Serravallian St. Marys
MIOCENE
Langhian Choptank Chesapeake ,
L Group !
Burdigalian Calvert undifferentiated ]
Kirkwood
Aquitanian
OLIGOCENE Chattian Piney Point
A
FORMATIONS
MARYLAND,
EPOCH AGE VIRGINIA, DOTHERN NEW JERSEY
AND DELAWARE
Omar Formation
PLEISTOCENE Accomack Omar Cape May
Member
Piacenzian Chowan River{?) Beaverdam
PLIOCENE Yorke
orktown- iaini
Zanclean Brandywine Yorktown (Virginia only)
Messinian
Tortonian Eastover Pocomoke Aquifer Bridgeton
Serravallian St. Marys Manokin Aquifer Pensauken
%
MIOCENE Choptank Choptank Cohansey
Langhian Calvert Calvert ?
Burdigalian Kirkwood
Aquitanian
? ? ?
OLIGOCENE Chattian Old Church Unnamed ACGS Beta unit
B

Fiure 13. — Correlation charts of the Neogene and middle Pleistocene formations in the northern U.S. Atlantic
Coastal Plain. A, Correlations from the American Association of Petroleum Geologists (1983). B, Correlations
proposed in this report for the Kirkwood Formation and Cohansey Sand.



COHANSEY SAND 23

amounts. Garnet, hornblende, and lesser amounts of
chloritoid are minor components (table 1).

The opaque minerals are much more abundant than the
non-opaque minerals in this formation (about a 4:1 ratio).
The opaque minerals are ilmenite and its weathering
products, pseudorutile and leucoxene. In the lower part
of the formation, ilmenite is the major opaque mineral,
but in the upper beds, pseudorutile and leucoxene are the
major minerals. This relationship suggests substantial
postdepositional alteration or deep weathering of the
Cohansey beds (at least to 80 ft).

X-ray diffractograms of the clayey strata and the clay
matrix of the sand in the upper part of the formation are
shown in figure 7. The samples from 121 to 73 ft have
assemblages similar to those in the underlying Kirkwood
Formation; illite-smectite is dominant, and lesser
amounts of illite and kaolinite are present. At 73 ft, the
clay assemblage is different from the assemblage in the
lower beds and is marked by a sharp inerease in kaolinite
and illite and a decrease in illite-smectite content. Prob-
ably, this transition is related to postdepositional weath-
ering. In a zone of strong oxidation, illite-smectite is
unstable and breaks down to kaolinite and illite.

The assemblages of sand-sized minerals and clay min-
erals in the Cohansey resemble those from the underly-
ing Kirkwood, although some variations occur. The
Cohansey, in general, has less feldspar than the Kirk-
wood and generally has no epidote. Whether these
differences reflect normal minor variations in sediment-
dispersal patterns or are regionally specific to each of the
formations is beyond the scope of this study. Isphording
(1970, 1976) considered the differences in the heavy-
mineral assemblages to be minor and, therefore, con-
cluded that the ages of the two units were nearly the
same.

The provenance of the Cohansey is similar to that of
the Kirkwood; that is, a low-feldspar terrane that pro-
vided an abundance of the metamorphie minerals stauro-
lite, sillimanite, kyanite, garnet, and ilmenite. The most
likely source would be the rocks of the Reading Prong; if
8o, the sediments supplied to the Cohansey must have
been deeply weathered in the sourcelands so that the

feldspar decomposed before the sediments were stripped.

ENVIRONMENT OF DEPOSITION

Carter (1972, 1978) examined the Cohansey over its
whole outerop belt in New Jersey, and he interpreted
this unit to have formed mainly in a regressing sea some
time during the Miocene or Pliocene. Carter (1978)
proposed that the Cohansey Sand consisted of two major
lithofacies sequences: one deposited in a barrier island
and one deposited behind the barrier. He identified the

barrier deposits by the wide distribution of Ophiomor-
pha burrows in crossbedded sand. Markewicz (1969)
presented an alternate view of the depositional system
for this unit and favored a fluvial system that had minor
estuarine influence.

Collecting intact cores from the loose Cohansey sedi-
ments in the aqueous environment at Mays Landing
proved to be very difficult. Reconstruction of paleoenvi-
ronments without good bedding-form information is,
therefore, very speculative.

What is evident is that the upper 79 ft of the formation
are generally loose, fine to very coarse sand and that the
interval between 136 and 79 ft is dominated by dark-
colored sand, silt, and clay, commonly containing fine
pieces of wood. No samples were collected from 155 to
136 ft.

The Cohansey at Mays Landing may be a barrier-
dominated facies in the upper part of the formation and a
back-barrier sequence in the lower part. Alternatively,
the whole sequence could represent a deltaic sequence.
Lithologic studies of the dark, clayey sequence and the
lack of marine macrofaunas and microfaunas suggest
deposition in a freshwater delta, apparently formed
behind a barrier system or perhaps in a lower delta plain.
Certainly, however, a large part of the Cohansey is a
barrier-dominated system. Equally large parts of the
formation have a decided fluvial aspect. Probably, the
Cohansey was deposited in a barrier-delta system that
prograded from northeast to southwest.

AGE

The age of the Cohansey is controversial. Previously,
a late Miocene to early Pliocene age was assigned to this
unit (Melillo and Olsson, 1981; AAPG, 1983), apparently
on the basis of microfossils obtained from the Jobs Point
well, approximately 19 mi southeast of the ACGS—4 well
(fig. 1). In the Jobs Point well, the upper Kirkwood
Formation (as used by Melillo and Olsson, oral commun.,
1981) at depths of 390 ft contained foraminifers repre-
senting the Globorotalia acostaensis Zone of late Torto-
nian Age (late Miocene).

Sidewall cores were obtained by us from a welt south of
Atlantie City (fig. 1), 6 mi east of the Jobs Point well.
Diatoms collected from approximately 390 ft at the
apparent top of the Kirkwood indicate that this unit may
be provisionally correlated with lithologic zone 15 of
Shattuck (1904) in the Chesapeake Group of Maryland.
Zone 15 is the uppermost zone of the Calvert Formation
and is no younger than the early middle Miocene
(Andrews, 1978). The late Miocene age reported for the
Kirkwood by Melillo and Olsson (1981) could not be
confirmed in the area between the ACGS—4 hole and
Atlantic City, or essentially the same area in which they
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reported the Globorotalia acostaensis Zone. If the Kirk-
wood is no younger than middle Miocene, then the
overlying Cohansey could be older than reported by
Melillo and Olsson (1981).

Palynomorphs were studied to help in dating the
Cohansey as this unit at Mays Landing lacks other
stratigraphically significant fossils. The most detailed
earlier floristic study of the Cohansey was by Rachele
(1976). She examined a peat bed, termed the “Legler
lignite,” from a pit near Lakehurst, N.J. The Legler
contains abundant representatives of many exotic types
of flora that no longer grow in New Jersey. These exotic
genera include Podocarpus, Engelhardtia, Pterocarya,
Cyrilla, Gordonia, and Cyathea. On the basis of stratig-
raphy proposed by Owens and Minard (1979), Greller and
Rachele (1985) assigned a middle Miocene age of 11 Ma to
this unit.

The close similarity between the pollen assemblages of
the upper Kirkwood Formation and the Cohansey Sand
suggests that the regional floras and climates were
similar during deposition of these units. Common taxa in
the Cohansey in the ACGS—4 core include Quercus,
Carya, Fagus, Ulmus, Pinus, Nyssa, Momaipites, Tilia,
Betula, Alnus, Ericales, Sapotaceae, Myrica, Podo-
carpus, and Tsuga. Occasional specimens of Alangium
barghoornianum were observed in samples from core
depths of 109 to 88.5 ft. Alangium barghoornianum was
previously reported in the upper Kirkwood (Wolfe and
Tanai, 1980) but not in the Cohansey (Rachele, 1976).
The Cohansey is unlikely to be younger than about 11 Ma
because many exotic taxa present in the Cohansey pollen
and spores disappeared from eastern North America
during late Miocene time. Climatic cooling events that
began about 13 Ma probably caused the disappearance of
these exotic taxa (Wolfe and Poore, 1982). By Pliocene
time, floras of the Atlantic and Gulf of Mexico Coastal
Plains were becoming quite modern, and very few exotic
taxa remained (Elsik, 1969; Frederiksen, 1984b; T.A.
Ager, unpub. data). The pollen, therefore, indicates that
the Cohansey is unlikely to be late Miocene—early Plio-
cene in age as suggested by Melillo and Olsson (1981) and
the AAPG (1983); it probably is middle Miocene (Serra-
vallian) in age.

FORMATION NAME AND DISTRIBUTION

The Cohansey Sand was named by Kummel and Knapp
(1904) for exposures in southern New Jersey along
Cohansey Creek. Correlation of the Cohansey with units
south of New Jersey is highly speculative because of
(1) the lack of a good invertebrate fauna in the Cohansey,
(2) the removal of much of the Cohansey equivalents
from the Delmarva Peninsula during the emplacement of

younger units, primarily the Pensauken Formation, and
(3) possible facies changes southward.

Our interpretation of the age of the Cohansey is based
on the microflora. Because of the large number of exotics
in the microfloral assemblage of the Cohansey and the
similarity of the microflora of the Cohansey to that of the
underlying Kirkwood, we estimate that the Cohansey is
middle Miocene (Serravallian) in age. We propose that
the Cohansey is equivalent to the Choptank Formation of
the Chesapeake Group (fig. 13B).

SUMMARY AND CONCLUSIONS

In this section, we summarize the descriptions of the
seven formations penetrated in the ACGS—4 corehole
and then draw a few conclusions about the depositional
history of the Raritan embayment since the early
Eocene.

Manasquan Formation. —The Manasquan Formation
is the oldest unit penetrated in this hole. About 51.5 ft of
the upper part of the formation were recovered from 945
to 893.5 ft. Fine glauconite sand is scattered throughout
the clay-silt matrix. The unit is thinly laminated to
crudely bedded, and burrows are common. The forma-
tion has an abundant calcareous microfauna throughout.
The Manasquan is interpreted to be an outer to middle
shelf deposit. The nannofossils recovered from this hole
indicate that the part of the formation cored encompasses
Zones NP 12 and 13 and the lower part of Zone NP 14; it,
therefore, is of late Ypresian age.

Poag (1980) suggested that Zone NP 13 is absent
from the northern U.S. Atlantic Coastal Plain, and he
believed its absence confirmed a 2-m.y. regression on the
sea-level curve shown by Vail and Hardenbol (1979).
Data from the ACGS—4 corehole do not support this
conclusion.

Shark River Formation.—The Shark River Forma-
tion unconformably overlies the Manasquan in the core-
hole from 893.5 to 761 ft and is characterized by an
abundance of clay and silt and the absence of clastic sand.
The basal 4.5 ft of the Shark River contain abundant fine
to medium, authigenic glauconite sand. This interval is
intensely burrowed and contains abundant phosphatic
debris (fish parts) and occasional small shark teeth. Beds
of this type commonly make up the transgressive units
found at the bases of many Upper Cretaceous shelf
deposits in New Jersey (Owens and Gohn, 1985).

The glauconite sand content decreases rapidly in the
overlying 64 ft, which are characterized by laminations
or extensive burrowing and abundant calcareous micro-
fossils. At least one hard ground, or zone of nondeposi-
tion, is present in the 64-ft interval. The lithologic
characteristics of this part of the formation suggest an
outer shelf depositional environment.
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The upper half of the formation is characterized by a
marked increase in the size and concentration of glauco-
nite sand and the presence of scattered, thin beds of
macrofossils. The bedding in this interval typically indi-
cates some current activity. These characteristics sug-
gest that the upper half of the Shark River was deposited
in shallower water than the base, possibly on the middle
shelf.

The Shark River thus represents a transition upsec-
tion from deep- to shallow-water deposits. The nannofos-
sils in the Shark River are within Zones NP 14-NP 18,
which include the late Lutetian, Bartonian, and early
Priabonian Ages.

The name “Piney Point Formation” has been used
widely for subsurface sediments of late Oligocene age in
New Jersey and to the south (Olsson and others, 1980;
Zapecza, 1984). Because the Piney Point was dated as
middle Eocene at its reference section along the
Pamunkey River in Virginia (DiMarzio, 1984; Ward,
1984, 1985), the use of this name for sediments in New
Jersey has been discontinued in this report. The Piney
Point Formation at its reference section is placed in Zone
NP 16 and possibly Zone NP 17 and is equivalent to the
middle part of the Shark River.

ACGS Alpha unit.—The Shark River in the corehole
is overlain unconformably by the ACGS Alpha unit from
761 to 615 ft. The unit is 146 ft thick and consists of three
upward-coarsening subunits separated by sharp discon-
formities at 735 and 695 ft. Each subunit is a clay or silt
overlain by a sand, either glauconite or quartz. Each
subunit is interpreted to represent a transgression at the
base and a regression at the top. The ACGS Alpha was
deposited on a middle to inner shelf during the late
Eocene and early Oligocene. The nannofossils represent
the upper part of Zone NP 18, all of Zone NP 19/20, and
the lower part of Zone NP 21. Sediments of late Eocene
and early Oligocene age have not previously been
reported from the New Jersey Coastal Plain.

Mays Landing unit.—The ACGS Alpha unit in the
corehole is overlain unconformably by the Mays Landing
unit, which is recognized for the first time in this report.
The Mays Landing is 40 ft thick and extends from 615 to
575 ft. It is another upward-coarsening unit; a clayey fine
sand is overlain by interbedded clay and medium sand.
The Mays Landing unit is the thinnest unit in the
corehole, and it is interpreted to have been deposited
during a single transgressive-regressive event. The
lower beds may have been deposited in an inner shelf or
distal prodelta, and the upper beds, in a prodeita.

Nannofossils in this unit falt within the early Oligocene
part of Zone NP 21. Deposits of this age have not been
reported heretofore from the U.S. Atlantic Coastal
Plain. The presence of the Mays Landing beneath the
New Jersey Coastal Plain shows that the early Oligocene

was not a time of offlap in this area; offlap was suggested
by Olsson (1980) and Poag (1980, p. 63-65) because of the
lack of lower Oligocene sediments in the Baltimore
Canyon wells off New Jersey.

ACGS Beta unit.—The Mays Landing unit is overlain
unconformably by the ACGS Beta unit, which is 90 ft
thick and extends from 575 to 485 ft. The ACGS Beta is
a fine to medium glauconite quartz sand containing
abundant worn shells indicating a marine origin. Most of
this unit is loose sand except that the lowest 12 ft contain
thin layers of indurated, very shelly, glauconite quartz
sand. The abundance of fine to medium quartz sand
suggests deposition on an inner shelf nearer shore than
the Mays Landing unit and all other underlying units.

In spite of the fossiliferous nature of the ACGS Beta
unit, its age is equivocal. It is either late Oligocene
(Chattian) or early Miocene (Aquitanian). We favor a late
Oligocene age for the unit.

Kirkwood Formation.—The ACGS Beta unit is over-
lain unconformably by the Kirkwood Formation, the
thickest unit (323 ft) penetrated in the ACGS—4 corehole.
The Kirkwood, like some of the underlying formations, is
a composite consisting of more than one subunit or
sequence. The Kirkwood consists of three sequences
separated by sharp disconformities at 385 and 245 ft.
Each sequence has a thin zone of reworked sediment at
the base. Like most of the transgressive-regressive
units, each of the three Kirkwood sequences coarsens
upward.

All the sequences of the Kirkwood contain marine
organisms. The abundance of clastic and carbonaceous
matter indicates that these sediments were deposited on
the inner shelf (prodelta). The age of the Kirkwood
ranges from early Miocene (early Burdigalian) to early
middle Miocene (Langhian).

Cohansey Sand.—The Kirkwood Formation is over-
lain by the Cohansey Sand, which occupied the top 162 ft
of the ACGS—4 corehole. Because of poor recovery, the
nature of the contact between the Kirkwood and Cohan-
sey could not be determined precisely in this corehole,
but we think that the contact is an unconformity. The
Cohansey is dominantly a loose sand and has interbeds of
more compact carbonaceous and silty sand.

Also because of poor recovery of intact core from the
Cohansey, the depositional environments for this unit
could not be determined. Observations nearby suggest
that the upper part of the Cohansey may have been
deposited in a barrier environment, and the lower part,
in a back-barrier (lower delta plain) environment.

The age of the Cohansey can only be inferred from its
pollen content. No other animal or plant groups were
found in the samples from this unit to help date it.
Because the pollen in the Cohansey is similar to that in
the upper Kirkwood, the two units are probably close in
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DEPOSITIONAL ENVIRONMENT STRATIGRAPHIC STANDARD
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Ficure 14.—Depositional environments inferred for units in the
ACGSH4 corehole. In general, the trend is from deep- to shallow-
water deposits from the bottom of the core up. These data suggest an
initial drop in the basin (Raritan embayment) during the Eocene
followed by a gradual shoaling through time, culminating in the final
emergence of the modern Coastal Plain after Cohansey deposition.
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Superimposed on this general tectonic movement is a deep-to-shallow
pattern within many of the units. This pattern suggests that the units
were influenced by transgressions and regressions, which probably
were caused by eustatic sea-level changes. Ages from Berggren and
others (1985).
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age. The Cohansey, therefore, is considered to be middle
Miocene (Serravallian) in age.

Movement in the Raritan embayment.— All the units
in the carehole are considered to have formed within a
shelf-delta depositional system (figs. 4, 14). The Eocene
units are all deep shelfal, the Oligacene are shelfal but
shallower water deposits, and the Miocene units contain
shelf-dominated facies at the base interfingering with
more deltaic beds upward through the section. The
uppermost unit, the Cohansey, apparently is a barrier
and back-barrier sequence, but it may have had some
deltaic influence. Thus, from the Eocene to the Miocene,
the basin in southern New Jersey gradually continued to
become shallow or to rise. In fact, the Cohansey repre-
sents the last marine invasion in this part of the Coastal
Plain, indicating that the rise of the basin continued into
post-Cohansey or late Miocene time.

The structural history of the Raritan embayment
suggests that, at least in early Eocene time, the basin
was downwarped. Following this initial downwarping,
the basin began to gradually emerge, at least through the
early Oligocene. The unconformity between the ACGS
Beta unit (possible uppermost Oligacene) and the lower
Oligocene Mays Landing unit means that we have no
record for the middle Oligocene; the unconformity may
represent the large sea-level regression proposed by Vail
and Hardenbol (1979) for this time. The basin shoaling
certainly continued during the early and middle Miocene
after ACGS Beta deposition, and the basin ultimately
emerged abave sea level after deposition of the Cohan-
sey. The later Miocene and Pliocene transgression that
was widespread to the south in Delaware, Maryland, and
Virginia did not overlap the emerged New Jersey
Coastal Plain.

Mineralogy.—All the sediments in the corehole
appear to have been derived from essentially the same
sources. All units contain a significant amount of meta-
morphic minerals, especially staurolite, sillimanite, and
kyanite. The feldspars are, on the average, more abun-
dant in the older formations than in the younger units.
This feldspar distribution may be related to depositional
environment or postdepositional weathering rather than
to differences in source areas.

The clay minerals suggest that crystal sorting is the
major mechanism controlling clay distribution in the
formations. Kaolinite, which is coarser than illite-
smectite, is more abundant in the shallower water facies
in most units.

Signaficance of the ACGS—4 corehole.—The calcareous
nannofossils show that the ACGS-4 core contains a
nearly complete record between Zones NP 12 and NP 21.
This corehole, therefore, contains one of the most com-

plete sections found anywhere in the U.S. Atlantic
Coastal Plain for early Eocene through early Oligocene
time.
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APPENDIX, DESCRIPTION OF THE ACGS—4 CORE FROM NEAR MAYS LANDING, N.]J.

[The hole was spudded in at 50 ft above sea level at lat 39°29’
N., long 74°46" W. Significant core losses are noted below,
but minor losses are omitted for simplicity. The core from 121
to 945 ft was described by J.P. Owens of the USGS; color
designations are from the rock-color chart (Goddard and
others, 1948). Because of the loose sandy nature of the
Cohansey Sand (0-162 ft), recovery of core was very poor
when a 10-ft core barrel was used. This loss of core necessi-

Depth
Cohansey Sand: (feet)
Light-brownish-gray (10YR6/2), silty,
medium sand and brownish-yellow
(10YR6/8), silty, fine to medium sand...... 0-2
Brownish-yellow (10YR6/8), silty, fine to
medium sand and very pale brown
(10YR7/4), medium to coarse sand contain-
ing scattered granules of rounded quartz
having diameters as large as 0.25in ....... 24
Very pale brown (10YR7/4), medium to
coarse sand containing scattered quartz
granules and yellow (10YR7/6), silty,
very fine sand containing scattered
pebbles ... 4-6
Very pale brown (10YR7/4), silty, fine sand
containing scattered pebbles and cobbles.

Ilmenite is abundant....................... 6-8
Very pale brown (10YR7/4), silty, fine sand
containing scattered pebbles............... 8-10

Very pale brown (10YRS&/3) silt alternating

with silt and fine sand; 2 in. of dark-

reddish-brown (2.5YR3/4), limonite-

cemented sand are at bottom; reddish-

vellow (7.5YR6/8), iron-stained bands are

scattered throughout ...................... 10-12
Light-gray (10YR7/1), clayey silt overlying

reddish-yellow (7.5YR6/8), silty, fine sand

atbottom............o..oii 12-14
Light-gray (10YR7/1), clayey silt grading

downward to reddish-yellow (7.5YR6/8),

silty, medium sand grading downward to

reddish-yellow (7.5YR&/6), well-sorted,

fine sand at bottom ........................ 14-16
Yellow (10YR7/6), silty, medium to fine

sand containing white (10YR®&/2) oxidized

ayers. . e e 16-18

tated drilling a second hole adjacent to the main corehole. In
the second hole, the sand was split spooned at 2-ft intervals to
a depth of 121 ft, and recovery of sample was good. The
split-spoon core was described by C.E. Larsen and V.M.
Gonzalez of the USGS; color designations are from the Munsell
soil color charts (Munsell Color Company, 1975). Descriptions
below of sediment from the top 121 ft are of material retrieved
from both holes]

Depth
Cohansey Sand—Continued (feet)
Light-gray (10YR7/1), silty, medium to
coarse sand grading downward to yellow
(10YR7/6) and white (10YRS&/2), fine to
medium sand in alternating layers......... 18-20
Very pale brown (10YR7/4), silty, medium
to coarse sand grading downward to very
pale brown (10YR7/4), medium to coarse
sand grading downward to very pale
brown (10YR7/4), silty, medium to coarse
sand at bottom. ...l 20-22
Very pale brown (10YR7/4), silty, medium
to coarse sand grading downward to light-
gray (10YR7/1) silt overlying white
(10YR8/2), medium to coarse sand at
bottom............ooiiiiii 22-24
White (10YRS&/2), sandy silt overlying very
pale brown (10YR&/3), medium to coarse
sand that is laminated with more oxidized
LB 5] 24-26
Sequence in this interval is like that from 24
to 26 ft except that the bottom 2 in. of this
interval are yellow (10YR7/8), medium to
coarse sand, which is heavily oxidized...... 26-28
Yellow (10YR7/8), medium to coarse sand
grading downward to white (10YR8/1),
very coarse sand grading downward to
dark-reddish-brown (2.5YR3/4), very
coarse sand grading downward to brown-
ish-yellow (10YR6/6), very coarse sand .... 28-30
Brownish-yellow (10YR6/8), well-sorted
sand containing gravel overlying silty, fine
SANG Lttt e 30-32
Brownish-yellow (10YR6/8), clay-silt matrix
in a medium to coarse sand. At 33 ft, part-
ings of light-gray silt are 34 in. thick ..... 32-34
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Cohansey Sand—Continued

Yellow (10YR7/6), fine to medium sand is at
the top of a downward-coarsening
sequence. Below it is a brownish-yellow
(10YR6/6), medium to coarse sand, which
overlies a very pale brown (10YR7/3),
medium to coarse sand. At the base of the
interval is yellow (10YR7/6), silty, coarse
to very coarse sand containing light-gray
(10YR4/1) silt partings.....................

Brownish-yellow (10YR6/6), coarse to very
coarse sand grading downward to yellow
(10YR7/6), fine to medium sand............

Yellow (10YR7/6), fine to medium sand
interbedded with well-sorted, very coarse
SANA oo i

White (10YRS8/2), very coarse sand overly-
ing yellow (10YR7/6), fine to medium

No recovery, probably very coarse sand or
gravel ... ..
Light-brownish-gray (10YR6/2), very coarse
sand grading downward into light-
brownish-gray (10YR6/2), medium sand.
Next is brownish-yellow (10YR6/8),
medium sand overlying brownish-yellow
(10YR6/8), medium to fine sand............
Light-brownish-gray (10YR6/2), silty,
medium sand grading downward to
brownish-yellow (10YR6/6), fine to medium
sand containing occasional silt partings in
theupperpart ...l
Brownish-yellow (10YR6/6), fine to medium
sand in which the heavy-mineral content
increases with depth................... ...
Brownish-yellow (10YR6/8), fine to medium
sand ... e
Yellow (10YR7/8), fine to medium sand con-
taining light-gray partings (flasers) of clay
0.081in. thick...........cooiiiiiiiiiiinn.t,
Brownish-yellow (10YR6/8), silty, fine to
medium sand, which is crossbedded and
contains concentrations of heavy
MINerals ......oovnieeniineniiiiiiieiaianas
Brownish-yellow (10YR6/8) and very pale
brown (10YR7/4), medium to coarse sand
containing occasional gravel beds; maxi-
mum diameter of gravel is 0.50 in..........
Yellow (10YR7/8), poorly sorted, medium
sand, which is oxidized in patches to
brownish yellow (7.6YR6/8)................

Depth
(feet)

34-36

36-39

39-41

41-43

43-45

4547

47-50

50-51

51-53

53-55

56-67

57-59

59-61

Cohansey Sand— Continued
Light-gray (10YR7/2), medium sand contain-
ing a trace of very fine ilmenite overlying
brownish-yellow (10YR6/8), silty, medium
to very coarse sand containing occasional
granules and pebbles and also small wood
fragments 0.16 in. long ....................
Brownish-yellow (10YR6/8), poorly sorted,
silty, fine to very coarse sand containing
occasional pebbles..................oo
Yellow (10YR7/8), silty, fine to very coarse
sand containing thin, very pale brown
(10YR7/3) silt layers.........cooeovviinntn
Sediment in this interval resembles that
from65to 67 ft ...
Yellow (10YR7/8), poorly sorted, silty, fine
to very coarse sand containing granules and
pebbles ... ..
Very pale brown (10YR7/4), medium to
coarse sand grading downward to very
pale brown (10YR7/4) and brownish-yellow
(10YR6/8) medium sand interbedded with
same-color medium to coarse sand; light-
gray silt partings are present near
053
Very pale brown (10YR7/4), medium to
coarse sand interbedded with finely lay-
ered, very pale brown (10YR7/4), very
coarse sand containing quartz granules ....
NO FECOVEIY .« et ieeeiii i ieineaenanes
Dark-reddish-brown (2.5YR3/4), medium to
coarse sand overlying brownish-yellow
(10YR6/8), clayey to sandy silt interbed-
ded with gray (10YR6/1), silty, medium to
Coarse Sand ......vveeeririneeniiinennennens
Dark-gray (7.5YR4/0), silty, very fine sand
containing some dark-yellowish-orange,
rust-colored silt overlying dark-gray
(7.5YR4/0), silty, finesand ................
Dark-gray (7.5YR4/0), silty, fine to medium
sand containing orange streaks and lami-
nae of clayey silt overlying well-sorted,
gray (2.5YR5/0), fine to medium sand con-
taining blebs of clayey silt and some coarse
SANA ¢\ ettt e
Gray (7.5YR9/0), fine to medium sand con-
taining some coarse sand and traces of silt;
grading to gray (7.5YR9/0), silty, fine to
medium sand containing some clayey silt
laminae ........ooiiiiiii i
Gray (7.56YR5/0), silty, fine to medium sand ...

Depth
(feet)

61-63

6365

6567

67-69

69-71

71-73

73-75

5717

77179

79-81

81-83

83-85
856-87
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Cohansey Sand— Continued
Very dark gray (10YR3/0), clayey silt con-
taining traces of fine sand and grading to
very dark gray (7.5YR3/0), silty, medium
tocoarse sand ........... ool
Very dark gray (7.5YR3/0), sandy silt thinly
interbedded with clean, very dark gray
(7.5YR3/1), fine to medium sand...........
Very dark gray (10YR3/1), micaceous, sandy
silt overlying dark-grayish-brown
(10YR3/2), sandy silt layered with gray
(10YR6/1), finesand.......................
Dark-gray (10YR4/1), clayey and sandy silt
interbedded with micaceous, dark-gray
(10YR4/1), slightly silty, medium to coarse
SANA Lot
Dark-gray (10YR4/1), silty, medium to
coarse sand overlying well-sorted,
medium-gray (10YR5/1) and light-gray
(10YR6/1), medium to coarse sand.........
Dark-gray (10YR4/1), silty, medium to
coarse sand grading downward to well-
sorted, gray (10YR5/1), medium to coarse
sand grading downward to dark-gray
(10YR4/1), silty, medium to coarse
SANA Lot i
Dark-gray (10YR4/1), silty, medium to very
coarse sand overlying well-sorted, gray
(10YR5/1), medium to coarse sand overly-
ing dark-gray (10YR4/1), silty, medium to
very coarse sand containing some gravel
and pebbles having a maximum diameter
of 0.210N. ... iiuiii i
Dark-gray (10YR4/1), silty, fine to very
coarse sand; coarse sand grains are angu-
lar and include many clear quartz shards
having a maximum diameter of 0.2 in......
Sand in this interval is like that from 102 to
104 ft but contains more pebbles...........
Gray (10YR5/1), well-sorted, coarse to very
coarse sand grading downward to very
dark gray (10YR3/1), silty, medium to
coarse sand containing black (10YR2/1)
streaks (possibly organic fragments) and
overlying very dark grayish brown
(10YR3/2), slightly silty, fine to medium
SAN Lo e
Dark-gray (10YR4/1), silty, fine to very
coarse sand containing traces of organic
material, including rounded wood frag-
ments having diameters as large

Depth
(feet)

87-89

89-91

91-93

93-95

95-97

97-100

160-102

102-104

104-106

106-108

108-110

Cohansey Sand— Continued

Dark-gray (10YR4/1), silty, fine to very
Coarse Sand .......iieiiiiiieniri e
Sand in this interval is like that from 110 to

Dark-gray (10YR4/1), silty, fine to coarse
sand containing traces of organic material
and overlying thinly bedded, dark-gray
(10YR4/1) silt and gray (10YR5/1), fine to
medium sand; compressed wood is conspie-
uous in two layers (0.2-0.4 in. thick) near
the bottom. ...,

Very dark grayish brown (10YR3/2), silty,
fine to very coarse sand containing occa-
sional quartz granules and overlying dark-
gray (10YR4/1), fine to very coarse sand
containing occasional silt layers 0.08-0.12
in.thiek cooveenn i

Dark-gray (10YR4/1), silty, fine to very
coarse sand overlying dark-gray
(10YR4/1), slightly silty, fine sand.........

Dark-gray (10YR4/1), silty clay; shell frag-
ments are at the bottom of the interval....

Dark-gray (10YR4/1), poorly sorted,
medium to fine sand overlying micaceous,
silty, fine to medium sand .................

NO recovery ......oovvviiiiiiiiiiiininnn,

Norecovery....ooovvvviiiniiiiiiiiiiieenen,

Olive-gray (5Y3/2), clayey, medium to fine
sand containing scattered pebbles..........

Kirkwood Formation:

Olive-gray (56Y3/2), clayey, fine to medium
sand; diatoms are common.................
Olive-gray (5Y3/2), very clayey silt contain-
ing a few interbeds of light-yellow,
medium sand and abundant diatoms; the
silt oxidized readily, coating the core with
jarosite ...l
NO recOVery ..ooven it
Olive-gray (5Y3/2) to grayish-brown
(6YR3/2), clayey and silty, medium sand
containing abundant diatoms...............
Brownish-gray (5YR4/1), fine, very clayey
sand, which is micaceous and faintly bed-
ded; small pieces of wood are abundant at
1 v
Olive-gray (5Y3/2), clayey silt to very fine
sand, which is micaceous, sparingly diato-
maceous, and laminated to massively bed-
ded; occasional small pieces of wood are
Present ...t
Sediment in this interval resembles that
from 185to 195 ft.......coviiiiiiiat

35

Depth
(feet)

110-112

112-114

114-116

116-118

118-121

121-126

126136
136-146
146-155
155-162
162-163
163-165

165-172

172-175

175-185

185-195

195-200
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-Kirkwood Formation—Continued
NO TECOVEIY .ttt ieeiieinianenennnannes
Dusky-yellowish-brown (10YR2/2) silt,
which is slightly clayey, micaceous, and
‘massive and ‘'which contains thin seams of
very fine sand; diatoms-are common
at 213 ft ..o

Dusky-yellowish-brown (10YR2/2), clayey
silt and fine sand, which is micaceous and
diatomaceous; fine pieces of wood are
10711111103 1 F N

Sediment in this-interval resembles that
from220t0225ft ....... ...l

NO TECOVETY ..o vtiteii i

Olive-gray (5Y3/2), silty, fine sand contain-
ing oceasional quartz granules and black,
shiny, phosphate grains; diatoms are
Present ...oovvnniiiniii i

Disconformity.

NO TECOVELY oottt ee i iiiiineaiaeannns

Olive-gray (5Y3/2), slightly clayey, medium
to coarse gand-containing pebbles having a
maximum-diameter of 0:25in..............

N T ) 1 o R

Olive-gray (56Y3/2) thin beds of coarse bro-
ken shells in fine sand matrix .............

NOTECOVRIY .. oe it

Otlive-gray (5Y3/2), coarse shelly layer hav-
ing a medium sand matrix; shells are ori-
ented parallel to the bedding plane ........

NoOTecovVery ..o vei ittt cininanenns

Olive-gray (5Y3/2) interbeds of silt and fine
sand; finely divided woody fragments are
1501601114 1 SR

SR T o

Olive-gray (5Y3/2) clay and silt interbedded
with lighter colored, very coarse, pebbly
sand; lignitie, woody pieces are dispersed
throughout the interval ....................

NO TeCOVELY . vt ti ettt ini et inennnes

Olive-gray (5Y4/1) sand -containing coarse,
abundant, broken, thick-walled shells .....

NOPECOVETY oo v v eie et e eeennannennes

Olive-gray (56Y3/2), interbedded medium to
coarse sand and micaceous silty clay con-
taining scattered lignite fragments ........

NOTeCOVEry..oooiiti e ieeie i

Olive-gray (5Y3/2), finely laminated inter-
beds of fine micaceous sand and silty

Depth

(feet)
200-211

211-215
215-220

220-225

225235
235-241

241-245
245-252
252255
255-264
264-265

265-272

272-275
275-284

284-285
285-289

289-295
295-324

324-325
325-334

334-335
335-344

344-345
345-348

Kirkwood Formation—Continued

Olive-gray (5Y4/1), silty clay interbedded
‘with poorly sorted, fine to coarse sands; a
few large pieces of lignitic wood are
present ...oeiiiniiiiiiii e R

NOTeCOVRIY v v e vetireeeainiianeanenennns

Olive-gray (5Y4/1), laminated clay contain-
ing thin interbeds of silty, very fine sand;
bioturbation is intensive, and the interval
is very carbonaceous.......cvvueiiieainen.

Sediment in this interval resembles that
from 353 to 365 ft........oiiiiiiiial

NO FECOVEIY . oo teeiericirncnneieeeenenens

Olive-gray (5Y3/2), micaceous, silty clay oxi-
dized in part to yellowish gray (5Y7/2).....

Grayish-olive (10Y4/2), locally oxidized to
dusky-yellow (5Y6/4), interbedded lami-
nated clay and silty fine sands; finely
divided lignitic material is-scattered
throughout; locally, small shell fragments

Dark-grayish-green (5GY4/1), clayey,
medium to coarse sand containing
occasional small pebbles; thin-walled, bro-
ken mollusk shells are common; finely
dispersed organic matter and pyrite are
gbundant ...

Disconformity.

NOTecovery.....oovvviiiiiiiiiiniiiiienn,

Dusky-yellowish-brown (10YR2/2), clayey,
medium to coarse sand containing pebbles
having a maximum diameter of 0.25 in.;
finely dispersed organic matter and pyrite
AYE COMMNON. ..o v tereiveenennnnneenennnnn

NoOPECOVETY .t ititneciiananenaiennennn

Olive-gray (5Y3/2), pebbly, very coarse
sand, which is slightly clayey ..............

NO FECOVETY ..t v eeiei e eee e ee e

Olive-gray (5Y3/2), clayey silt ..............

NOTeCOVEYY ottt eeinieniienenenns

Grayish-brown (5YR3/2) to moderate-brown
(5YR3/4), laminated, clayey and silty, fine
sand, which is micaceous; finely dispersed
carbonaceous matter is abundant ..........

NOreCOVErY . o vttt ieieiiiiiniieenenss

Sediment in this interval resembles that
fromd412to415ft. .. ...t

NO PCOVErY .o ooeeiiiiit i

Sediment in this interval resembles that
from412tod15ft ...

Depth
(feet)

348-350
350353

353-355

355-361
361-363

363-365

365-375
375-382

382-385

385-393

393395
395-403

403-405
405-409
409-410
410-412

412-415

415424

424425
425432

432-435
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Kirkwoed Formation—Continued
Dark-grayish-brown (5YR3/4) to dark-
yellowish-brown (10YR4/2), laminated,
micaceous, silty clay and clayey silt con-
taining scattered masses of pyrite and
abundant finely dispersed carbonaceous
matter...... ...t e
Norecovery....ooovveiiin i,
Moderate-brown (5YR3/4), oxidized locally
to yellowish-brown (10YR2/2), clayey silt,
which is massive to finely laminated; small
fossils are present in thin layers as much
as 0.40 in. thick ...............coo il
Brownish-gray (5YR4/1), laminated,
clayey silt containing occasional thin layers
of very fine sand, scattered small shells,
and some foraminifers .....................
Moderate-brown (5YR3/4), laminated, clayey
silt, which is micaceous; interval is locally
shelly near 468 ft; microfossils are abun-
dant at 473 ft....ooovviiiiiii i
Grayish-olive-green (5GY3/2), clayey, fine
sand, which is micaceous and bioturbated;
glauconite is present, especially in the
lower 5 ft; foraminifers are eommon.near
484 and 476 ft......oovii
Unconformity.
ACGS Beta unit:
NOTeCOVerY . oo viiie ittt iiiaians
Olive-gray (5Y4/1) to grayish-olive-green
(6GY3/2), slightly clayey, fine quartz sand,
which is slightly glauconitic and contains
abundant worn shell fragments ............
NO FeCOVEIY ..o vvi vt ieeieii e eenns
Olive-gray (6Y4/1) to olive-black (5Y3/1),
silty, fine to medium quartz sand contain-
ing abundant worn shells and glauconite
SANA .1t e
NO YeCOVELY .o veiieiiiaeiie e
Olive-gray (5Y4/1), silty, fine to medium
quartz sand containing abundant shell frag-
ments and glauconite sand
NoO FeecoOvery...ovvviieiiiiiiiieiii i eenns
Grayish-green (10G4/2), indurated, lami-
nated, fine to medium, glauconite quartz
sand, which is very shelly..................
Norecovery......ooviviiiiiiiiniineenen..
Sediment in this interval resembles that
from 563 to 565 ft.........cooiiiiiiiiian.L
NO YeCOVery ..o vvvie i
Sediment in this interval resembles that
from 563 to 565 ft.. ... ..ol
Unconformity.

Depth
(feet)

435-445
445-450

450455

455465

465475

475485

485-513

513-b15
515-519

519-520
520-525

525-525.5
525.56-563

563-565
565-569

569-571
571-574

574-575

Mays Landing unit:
Noreeovery.......oovviiiiiiiiiniininiia,
Dark-greenish-gray (5GY4/1), micaceous,

silty clay thinly interbedded with light-
gray, fine to medium, micaceous, glauco-
nite quartz sand; fine shells are scattered
throughout; woody fragments are ecommon

Sediment in this interval resembles that
from 577 to 585 ft except that it contains
more fine shells ...................ooialt.

Olive-gray (5Y2/1) to olive-black (6Y4/1),
finely laminated, very fine sand, which is
micaceous and contains scattered small
shells and occasional pieces of lignitic woed

Dusky-green (56G3/1), loose, slightly clayey,
medium, glauconite sand...................

Olive-black (5Y2/1), massive to laminated,
clayey, fine sand, which is mieaceous and
contains scattered small shells and some
BUPPOWS. . o eve et

Unconformity.

ACGS Alpha.unit:

Subunit C:

Sediment in this interval resembles that
from 606 to 615 ft except that it is all mas-
sively bedded ............ciiiiiiiiiiiian,

NO FECOVEEY ¢ttt vetet e eetiaaaeieneeienns

Olive-black (5Y2/1), massive to laminated,
very clayey, fine sand; scattered, small,
fine-walled shells are present ..............

Dark-greenish-gray (5GY4/1), laminated
clayey silt; scattered, small, fine-walled
shells are present...............ooevviine

Dark-greenish-gray (6GY4/1) to olive-gray
(56Y3/2), laminated clay and silt layers; rip-
up microbreccias are common in this inter-
val; masses of pyrite are present ..........

Olive-gray (5Y3/2), laminated silt and clay;
small shells and small wood pieces are
scattered throughout.......................

Sediment in this interval resembles that
from 655 to 665 ft except that this interval
contains fine to very fine glauconite grains

Olive-black (5Y2/1) to grayish-olive-green
(6GY3/2), laminated, very clayey silt,
which is micaceous and contains some glau-
conite sand and scattered, small,
thin-walled shells ........................

Brownish-black (5YR2/1), laminated, very
clayey silt containing scattered, small,
thin-walled shells and more glauconite
sand than the interval from 675 to 685 ft...

Disconformity.

Depth

(feet)

575-677

577-585

585-696

596605

605-606

606615

615-626
625~630

630-635

635-645

645655

655-665

665-675

675-685

685695

37
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ACGS Alpha unit—Continued

Subunit B:

Olive-black (5Y2/1), thin-bedded, fine to
medium glauconite quartz sand containing
interbeds of nonglauconitic silt and scat-
tered, moderate-sized shells; the whole
interval is bioturbated ....................

Sediment in this interval resembles that
froii 695 to 705 ft except that burrows in
this interval seem larger, particularly near
8 (U

Sediment in this interval is the same color
as that from 695 to 715 ft, but it is mainly
a clayey silt to finesand ...................

Grayish-olive-green (5GY3/2), medium to
coarse quartz glauconite sand..............

Olive-black (5Y2/1), massive, clayey, fine
sand, which is burrowed and contains some
clusters of pyrite...............o i

Olive-black (5Y2/1), clayey silt interbedded
with fine sand layers containing different
amounts of glauconite; scattered, large
shells are present, especially near 727 ft...

Disconformity. '

Subunit A:

Olive-gray (5Y3/2), medium to coarse glau-
conite sand containing scattered pebbles
having a maximum diameter of 0.25 in. is
interbedded with clayey, fine to medium,
quartz glauconite sand; large shells are
concentrated near 743 ft; pyrite clusters
are present in some parts of the interval...

Dark-yellowish-gray (5Y7/2), massive,
medium to coarse, quartz glauconite sand,
which is fossiliferous; the fossils are mostly
broken shells (hash); clusters of pyrite are
Present ........iiiiiiiiiii i

Sediment in this interval resembles that
from 745 to 748 ft, but it is laminated, con-
tains less glauconite sand, and is biotur-
bated intensively; burrows are filled with
glauconite sand.............. ... .. Ll

Dark-yellowish-gray (5Y7/2), crudely strati-
fied, clayey, fine glauconite sand contain-
ing scattered mica and large, worn, calcar-
eousshells...........oo

Brownish-gray (5YR2/1), silty clay contain-
ing many small shells ......................

Unconformity.

Depth
(feet)

695-705

705-715

T15-717

T17-719

719-725

725-135

735-745

745-748

748-752

752-755

755-761

Shark River Formation:

Grayish-olive-green (5GY3/2), clayey,
medium to coarse glauconite sand inter-
bedded with clayey, silty, fine quartz sand;
bioturbation is intensive; scattered fossils
arepresent ...l

Sediment in this interval resembles that
from 761 to T65ft.......cooviiiiiiit,

Sediment in this interval resembles that
from 761 to 775 ft...... ..ol

Dusky-green (5G3/2), clayey, medium to
coarse, quartz glauconite sand containing
scattered, large shells and many burrows..

Pale-olive (10Y6/2), laminated, clayey silt to
finesand.......cooiiiiiiiii i

Dusky-yellow-green (5GY5/2), massive, very
clayey, quartz sand containing small
amounts of glauconite sand; the interval is
intensively burrowed and contains many
small shells ... iiiiiiiiiiieiinn,

Sediment in this interval resembles that
fromT95to 805 ft.....ooviiniiiiii it

Dusky-yellow-green (5GY5/2), crudely lami-
nated, fine glauconite sand, which is
locally thinly bedded, especially near 820
ft; burrows are present....................

Sediment in this interval resembles that
from 815 to 825 ft except that it contains
occasional indurated layers.................

Pale-olive (10Y6/2), massive to faintly bed-
ded, clayey silt containing scattered, fine,
glauconite grains; occasional large burrows
are filled with glauconite sand .............

Sediment in this interval resembles that
from 835 to 843 ft; at 844 ft, an indurated
pyritic layer contains flattened shells and is
intensively burrowed; burrows are filled
with caleite...........c. il

Sediment in this interval resembles that
from835to 843 ft..........................

Sediment in this interval resembles that
from 835 to 843 ft except that it contains
some medium quartz sand, contains more
glauconite sand, and is intensively
burrowed ...... ..o

Light-olive-gray (56Y5/2), massive, silty,
very fine sand containing fine grains of
glauconite scattered throughout; the inter-
val is intensively bioturbated ..............

Depth
(feet)

761-765
765-775

T75-185

785-792

792-795

795-805

805-815

815-825

825835

835-843

843-849

849-864

864869

869-873
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Shark River Formation-—Continued

Sediment in this interval resembles that
from 869 to 873 ft except that it is crudely
stratified....... ...

NOTECOVRIY .o v ottt iiienans

Light-olive-gray (5Y5/2), silty, very fine
sand interbedded with dusky-yellowish-
green (10GY3/2), very glauconitic sand; the
glauconite sand is thickest from 891 to 893
ft; abundant phosphatic debris (fish parts)
and occasional small shark. teeth are
present; the interval is intensively bur-
rowed; contact with underlying bed is
sharp ...

Unconformity.

Manasquan Formation (part):

Pale-olive (10Y6/2), crudely bedded, but-
rowed, clayey silt containing small
amounts of fine glauconite sand; scattered
large shells are present, but most fossils
areverysmall ......... ..o i,

w U8 GOVERNMENT PRINTING OFFICE

Depth
(feet)

873-885
885-889

889-898.5

893.5-905

Manasquan Formation— Continued

Pale-olive (10Y6/2), finely laminated, clayey
silt containing numerous small burrows
and abundant microfauna. ..................

Sediment in this interval resembles that
from 905 to 913 ft ... ... ..t

Pale-olive (10Y6/2), crudely laminated,
clayey silt, which is intensively bioturbated
and contains some large burrows and abun-
dant microfauna ........cciiiiiiiaiiiain.n.

Sediment in this interval resembles that
from 923 to 941 ft exeept that it contains
more fine glauconite sand ..................

Base of drilling.

1988 -~ 242-338 - 226/80051

Depth
(feet)

905-913

913-923

923-941

941-945,
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